1] We reproduce a magnetospheric reconfiguration under southward interplanetary magnetic field (IMF) conditions using numerical magnetohydrodynamic simulations. To investigate the relative displacements of the geomagnetic conjugate points, we trace both footprints of the geomagnetic field lines during the magnetospheric reconfiguration under positive and negative IMF B y conditions. Several substormlike features, namely, the formation of a near-Earth neutral line, a fast earthward flow, and tailward releases of the plasmoid, occur about 1 h after a southward turning of the IMF. The surveyed field line traced from the near-Earth magnetotail was strongly distorted duskward in the north and south after the substorm onset for positive and negative IMF B y , respectively. The maximum of the relative longitudinal displacement of both footprints is 4.5 and 5.5 h in magnetic local time for positive and negative IMF B y , respectively. While observational studies have indicated that the IMF orientation is the main factor controlling the relative displacement of the conjugate points, the present simulation-based study with a constant IMF orientation shows for the first time that the combined effects of plasma pressure, magnetic field intensity, and the field-aligned current density distribution along the field line are likely to be major factors controlling the relative displacement of conjugate points.
Introduction
[2] It is generally considered that auroral particles guided along geomagnetic field lines fall into the Earth's atmosphere. Thus, we can expect that nightside auroras appear simultaneously at both footprints of the field lines. However, auroras are not always simultaneously observed at the geomagnetic conjugate points estimated by the empirical magnetic field model. There are several possible explanations for such interhemispherically asymmetric auroras, and they can be divided into two categories.
[3] The first considers relative displacements of the conjugate points. In the open model of the magnetosphere [Dungey, 1961 [Dungey, , 1963 [Dungey, , 1967 , the interplanetary magnetic field (IMF) orientation controls the magnetospheric morphology. Cowley [1981] showed that an IMF-related B y field observed in the open magnetotail lobes [Fairfield, 1979] is generally expected to appear in closed (auroral zone) field lines following reconnection in the magnetotail. It is also known that the magnetotail configuration twists [Cowley, 1981] . In addition, relative displacements (DMLT) of the aurora associated with IMF B y have been observed in both hemispheres during substorms. Previous observations [e.g., Østgaard et al., 2004] have shown that the IMF penetrates the near-Earth magnetotail and that the IMF orientation affects the locations of the initially brightening auroral arcs. A statistical study by Østgaard et al. [2005] found that the IMF orientation acts as the main controlling factor of the relative displacement of an aurora in both hemispheres. The good correlation between the asymmetry of the auroral features and the IMF orientation is evidence for the validity of the open model of the magnetosphere. In addition, for a strong IMF B y and a positive IMF B z , some IMF-related reconfiguration (tail reconnection, magnetic field reconfiguration in a twisted tail, and fast flow) can occur in the absence of substorm onset. The results of the studies by Grocott et al. [2007 Grocott et al. [ , 2008 indicate that the longitudinal displacements of conjugate point can increase by at least 4 h in magnetic local time (MLT) during these nonsubstorm intervals under northward IMF conditions.
[4] The dipole tilt angle is a secondary controlling factor of the relative displacement of the auroral features in both hemispheres [Østgaard et al., 2005] . This can be interpreted as being the result of the seasonally dependent field-aligned current (FAC) intensity in the premidnight sector. While the dayside FAC has been found to be far more intense in summer than in winter, the opposite seems to be true for the FAC in the premidnight sector [Ohtani et al., 2005 [Ohtani et al., , 2009 ]. In addition to these statistical analyses, a study by Ohtani et al. [2009] suggests that electrons need to be more highly accelerated along a field line to carry imposed currents in the dark hemisphere, where the plasma density should be significantly lower. If there is a stronger FAC in the winter than in the summer hemisphere, the two pairs of FACs give a larger DB in the winter hemisphere. Consequently, the winter hemisphere aurora will be observed dawnward of the summer hemisphere aurora [Østgaard et al. 2005, Figure 3 ]. Laundal and Østgaard [2009] reported that seasonal effects can cause the displacement of auroras occurring in opposite hemispheres.
[5] On the basis of a statistical analysis, Østgaard et al. [2005] defined the relative longitudinal displacement (DMLT) of the interhemispheric conjugate auroral features as a function of IMF clock angle ( c ) and dipole tilt angle (l) under southward IMF conditions. The empirical relationship between DMLT and c is defined as follows: DMLT = −0.014 c + 2.68. This implies that the auroral brightening location in the Southern Hemisphere is dawnward or duskward of that in the Northern Hemisphere under a positive or negative IMF B y , respectively. Motoba et al. [2010] carried out interhemispheric observations of auroral features during a substorm interval and found a good correlation between the observed temporal changes in the relative displacement of both footprints and that predicted by the Østgaard et al. [2005] empirical formula as a function of c . The empirical formula for DMLT as a function of l is defined as follows: DMLT = −0.023l + 0.18. A positive tilt angle defines summer in the Northern Hemisphere. We can see that auroras in the southern winter or summer hemisphere are displaced dawnward or duskward, respectively, with respect to the northern aurora. This statistical result is consistent with the seasonally dependent FAC intensity in the premidnight sector reported by Ohtani et al. [2005] .
[6] The second category of asymmetric auroras considers north-south asymmetry of the acceleration conditions in the magnetosphere. Sato et al. [1998b] reported a big time lag and nonconjugacy of an auroral breakup in conjugate areas. These nonconjugate auroral breakup phenomena indicate that the triggering source of the auroral breakup was located not near the equatorial plane in the magnetosphere but most likely in a localized region near the ionosphere. Nonconjugate auroral spirals reported by Sato et al. [1998b] also suggest the existence of asymmetrical FACs. Minatoya et al. [1995] found a distinct lack of correlation between pulsating auroras in the conjugate areas. Sato et al. [1998a] showed that pulsating patches appear in both hemispheres but the shapes are not necessarily the same. Also, the pulsation periods differ in many instances between the two hemispheres. Sato et al. [2004] proposed an independent modulation source of pulsating auroras that is located away from the equatorial plane in the magnetosphere. The observational study by Watanabe et al. [2007] supports this idea.
[7] It is difficult for empirical magnetospheric models to predict quantitatively how the above mentioned controlling factors (IMF penetration, magnetic effects of FACs, and asymmetric acceleration) contribute to the occurrence of relative interhemispherical displacements of auroras. Østgaard et al. [2005] compared their results with the displacements predicted by empirical magnetic field models (T96 and T02). These magnetic field models provided observational support but underestimated the effect by a factor of 5 ∼ 7. The empirical magnetic field models (T96 and T02) are insufficient for reproducing the local and transitional magnetospheric configuration changes occurring during a substorm. Additionally, Minatoya et al. [1996] reported that the displacements of the conjugate auroras were larger than those expected from the empirical formula of Østgaard et al. [2005] and from the empirical models (T96 and T02). There is a possibility that conjugate auroras can exhibit larger relative displacements than those predicted by the empirical formula of Østgaard et al. [2005] . However, in subauroral and polar cap latitudes, all-sky cameras usually cover a longitude range of about 2 h of local time. Thus, it is too difficult to observe large (more than a few hours of MLT) displacements of auroras from the conjugate point predicted by the empirical magnetic field model.
[8] Tanaka [1994 Tanaka [ , 1995 Tanaka [ , 1999 Tanaka [ , 2000a Tanaka [ , 2000b and Tanaka et al. [2010] constructed a numerical magnetohydrodynamics (MHD) simulation model of the solar wind-magnetosphereionosphere system to investigate global phenomena in a magnetosphere-ionosphere coupled system. Various phenomena occur in the near-Earth magnetotail during the course of a substorm (e.g., formation and evolution of a near-Earth neutral line (NENL), tailward plasmoid release, and earthward flow) [Miyashita et al., 2009] . These phenomena were successfully reproduced by the simulations of Tanaka following a southward turning of the IMF. Several numerical studies using solar wind-magnetosphere-ionosphere models [e.g., Slinker et al., 1999; Keller et al., 2002; Fujita et al., 2003a Fujita et al., , 2003b were also successful in simulating global MHD phenomena. In the present study, we use a numerical MHD simulation to investigate conjugate point displacement during the course of a substorm. We attempt to reproduce the substorm-like features in the simulation and examine the displacements of the conjugate points.
[9] The present paper is structured as follows. Section 2 describes the simulation model used in the analysis. Section 3 introduces the global MHD simulation results for the changing response of the magnetosphere when individual solar wind driver parameters are changed. In particular, we focus on displacements of both footprints of the geomagnetic field lines. In section 4 the results are discussed regarding the effect of magnetospheric configuration changes in the near-Earth magnetotail on the displacements of the conjugate points. In section 5 we summarize our results.
Model
[10] The model used in this study is the same as that used in the work of Tanaka [2000b] . The MHD calculation employs a finite volume, total variation diminishing scheme with an unstructured grid system [Tanaka, 1994] . In this paper, the x axis points toward the Sun, the y axis points toward the direction opposite to the Earth's orbital motion, and the z axis points toward the north. The present model uses a grid size of 88 × 120 × 120 for the longitudinal (), latitudinal (), and radial (r) directions. The grid spacing in the r direction is not uniform; a denser grid is used for the inner magnetosphere. The outer boundary conditions correspond to solar wind conditions at the upstream side at x = +20 R E and a zero gradient at the downstream side at x = −200 R E . The inner boundary of the magnetosphere is at a radius of 3 R E , and a spherical ionosphere is assumed at a radius of 1 R E . The boundary conditions are calculated using a magnetospheric-ionospheric coupling model. We sample each of the magnetospheric parameters near the inner boundary and map them onto the ionosphere along the geomagnetic field line. In the ionosphere, Ohm's law is solved to match the divergence of the Pedersen and Hall currents to the FAC. The ionospheric conductivity is estimated from the solar extreme ultraviolet (EUV) flux, the diffuse auroral precipitation obtained from the pressure and temperature, and the discrete auroral precipitation calculated from the upward FAC. To obtain the ionospheric potential, a 2-D partial differential equation is solved on a sphere. In this paper, the Hall conductivity is set to be 2 times larger than the Pedersen conductivity. Once each ionospheric parameter is obtained, it is remapped to the inner boundary along the geomagnetic field line. Details of the calculation of the magnetosphere-ionosphere boundary conditions follow Tanaka [2000b] .
[11] It is well known that the magnetospheric conditions are determined by the solar wind. In the present study, solar wind parameters were determined with reference to Tanaka [2000b] .
[12] First, to obtain the steady state of the magnetosphere, an MHD simulation was run with input IMF boundary conditions, where B y dominates and B z is positive. We executed the simulation for positive and negative B y (B x = 0 nT, B y = +4.33 and −4.33 nT, B z = +2.5 nT) conditions.
[13] Other solar wind parameters include a constant velocity of 300 km s −1 and a number density of 3 cm −3 . In this case, B z was changed to a negative value (B x = 0 nT, B y = +4.33 or −4.33 nT, B z = −2.5 nT) 80 min after the run started.
[14] The dipole tilt angle was taken to be zero. We ran the calculation for a simulated time span of 4 h with a 1 min time resolution. The time was recorded in the hh:mm format, and the time axis was selected so that the southward IMF contacted the dayside magnetopause at t = 00:00. When the IMF turned southward, we directed our attention to the near-Earth magnetotail region around x = −10 R E because Tanaka et al. [2010] showed that a relatively high pressure region is gradually established in this region during the growth phase and that the substorm onset is broken by the sudden buildup of a high-pressure region in the inner magnetosphere caused by the collapse of the plasma sheet.
Results
[15] In this section, we show the numerical results for the reconfiguration of the magnetosphere due to a southward turning of the IMF. Figures 1 and 2 show the evolution of the simulated plasma pressure distribution on the x-z plane for positive and negative IMF B y , respectively. The time sequence is from top to bottom and left to right. The plasma pressure is normalized by the solar wind pressure. The spacing between the solid grid lines corresponds to 10 R E . The thinning of the near-Earth plasma sheet starts immediately after the IMF turns southward at t = 00:00 (Figures 1a  and 2a ). For positive IMF B y , a nightside pressure peak inside x = −20 R E moves along the geomagnetic field lines toward the Earth from t = 01:00 to 01:06 (Figures 1b-1e ). Simultaneously, outside −20 R E , another peak in the plasma pressure moves tailward. Figures 1f-1j show that similar tailward releases of the plasma pressure peak occur one after another, tailward of x = −20 R E . For both positive and negative IMF B y , we find that the nightside pressure peak inside −20 R E grows along the field lines about 1 h after the IMF turns southward. These plasma flows toward the Earth and the tail can be interpreted as the fast earthward flow and the tailward release of the plasmoid associated with substorm onset, respectively. These changes in the plasma pressure distribution usually occur in the near-Earth magnetotail during the course of the substorm [Miyashita et al., 2009 ], as stated in section 1. Miyashita et al. [2009] also reported the formation of a NENL several minutes before the onset of a substorm. It is expected that this occurs between the region of the fast earthward flow and that of the tailward propagating plasmoid [Miyashita et al., 2009] . It may be inferred from the evolution of the plasma pressure distribution that the substorm onset occurs about 1 h after the IMF turns southward in cases of both positive and negative IMF B y .
[16] At this onset time, the injected earthward flow begins to propagate along the geomagnetic field, and the plasma pressure is increased in the near-Earth magnetotail region. Thus, rapid changes are expected in the magnetic field and in the plasma pressure, as reported by Tanaka et al. [2010] . [2005] (DMLT = −0.014 c + 2.68) described in section 1. As stated in section 1, we direct our attention to the field line traced from x = −10 R E . For both positive and negative IMF B y , the relative MLT displacement of the two footprints from x = −10 R E sharply increases about 1 h after the IMF turns southward. We can now infer that the substorm onset in the near-Earth equatorial region (x = −10 R E ) occurs at t = 01:04 and 01:07 for positive and negative B y , respectively. These onset times are indicated by the solid vertical lines in Figure 3 . At these times, the relative MLT displacements for the x = −10 R E footprints are 4.5 and −5.5 h for positive and negative IMF B y , respectively; these displacements are higher than the values predicted by the empirical model. Figures 4 and 5 show the polar distribution of the FAC in both hemispheres 14 min prior to the substorm onset, at the time of onset, and 30 min after the onset for positive and negative B y , respectively. The view is from above the North Pole, and noon is at the top. The dashed circles indicate northern and southern latitudes of 60°, 70°, and 80°and −60°, −70°, and −80°, respectively. The warm and cold colors correspond to the downward and upward FACs, respectively. The black dot in each plot indicates the footprint of the geomagnetic field line traced from the near-Earth magnetotail region (x, y, z) = (−10, 0, 0 R E ) at that time. It can be seen that the footprints are located between the upward and downward FAC regions. At the substorm onset time, the longitudinal displacement of the north (south) footprint strongly displaced more than 50°(60°) duskward from midnight for positive (negative) IMF B y .
[17] The shapes of the surveyed field lines around the substorm onset time for the cases of positive and negative IMF B y are shown in Figures 6 and 7 , respectively. The color scheme in the x-y, x-z, and y-z planes corresponds to that in Figure 1 and indicates the plasma pressure normalized by the solar wind pressure. The high-pressure region is seen to extend duskward for positive IMF B y and dawnward for negative IMF B y . However, the maximum plasma pressure is higher for negative B y . The x = −10 R E field line before the substorm onset (Figures 6a-6c and 7a-7c) is pulled symmetrically duskward in the north (south) and dawnward in the south (north) for positive (negative) IMF B y . At the onset time, for positive B y , it is strongly elongated duskward and tailward in the north (Figures 6d-6f ). For negative B y , it also becomes elongated duskward in the south (Figures 7d-7f ). Comparing Figures 6e and 7e , we can see that the plasma pressure increases in the near-Earth magnetotail region, and the y component of the magnetic field coincidently increases in the same region. Apparently, this distortion of the geomagnetic field line is a major cause of the relative MLT displacements of both footprints.
[18] The time variation of each component of the magnetic field in the near-Earth magnetotail is shown in Figure 8 . For positive B y , the y and z components of the magnetic field at (x, y, z) = (−10, 0, 0 R E ) sharply increase and decrease, respectively, around the onset time. Thus, we infer that the y component of the magnetic field causes more longitudinal distortion of the field lines at the onset time than before it. For negative IMF B y , the magnitude of the changes in the y and z components of the magnetic field at the onset time are much smaller than for positive IMF B y . However, for both positive and negative IMF B y , the absolute value of the y component of the magnetic field increases while the z component decreases. Despite these small changes in the magnetic field, the field line traced from x = −10 R E is strongly distorted, and the relative conjugate point displacement drastically increases at the onset time. In section 4 we will discuss whether these magnetic field developments in the near-Earth magnetotail region for the southward IMF are responsible for the larger relative MLT displacements of the geomagnetic conjugate points.
Discussion
[19] The results of our calculations indicate that both footprints traced from the near-Earth magnetotail (x, y, z) = (−10, 0, 0 R E ) move duskward (dawnward) and dawnward (duskward) in the Northern and Southern Hemispheres after the IMF turns southward for positive (negative) IMF B y . The relative MLT displacements of the footprints gradually increase until the onset of the substorm and then suddenly increase and decrease in a short period. The displacements are as large as 4.5 and 5.5 h in MLT for positive and negative IMF B y , respectively.
[20] As mentioned in section 1, there are two possible factors that can contribute to the relative displacements of Figures 3g and 3h indicates the relative MLT displacement obtained statistically [Østgaard et al., 2005] .
the geomagnetic conjugate points. One is the dipole tilt angle, which can induce a seasonally dependent FAC intensity in the premidnight sector [Ohtani et al., 2005 [Ohtani et al., , 2009 . In such a case, the DB produced by the upward and downward FACs should displace both footprints. If the dipole tilt angle indicates which hemisphere is experiencing summer or winter, we can see that auroras in the winter hemisphere are displaced dawnward with respect to those in the summer hemisphere [Østgaard et al., 2005] . In Figures 4 and 5, we find that both footprints of the surveyed field line are located between the upward and downward FAC regions. However, the tilt angle is assumed to be zero in our calculation, and seasonal effects are not taken into account in the present paper.
[21] The other contributing factor is the IMF orientation, which controls the magnetospheric morphology. An IMFrelated B y field in the open tail lobes penetrates the near-Earth magnetotail and appears in closed (auroral zone) field lines following reconnection [Cowley, 1981] . It is expected that the relative MLT displacement of the aurora associated with IMF B y would be observed in both hemispheres during the substorm. Motoba et al. [2010] reported that the observed temporal changes in the relative MLT displacement of con-jugate auroras coincided well with the interhemispheric auroral asymmetry for the IMF clock angle variation predicted by statistics [Østgaard et al., 2005] . Even under a northward IMF condition, some IMF-related reconfiguration (tail reconnection, magnetic field reconfiguration in a twisted tail, and fast flow) can occur in the absence of substorm onset. Grocott et al. [2007 Grocott et al. [ , 2008 reported that the longitudinal conjugate point displacements can increase by at least 4 h in MLT during these nonsubstorm intervals. In our calculations for positive IMF B y , the field line traced from the outer region (x = −12 R E ) opens around the onset time. This means that some substorm-associated magnetic fluctuation occurs in this region. On the other hand, for negative IMF B y , we find that the field line traced from x = −12 R E closes during the course of the substorm. The magnitude of the relative MLT displacement for negative IMF B y is larger than that for positive IMF B y . Thus, we have to investigate the various conditions occurring with positive and negative IMF B y around the near-Earth region.
[22] Our results with constant IMF B y show the temporal changes in the relative MLT displacement of both footprints. The relative MLT displacement gradually increases until just before the substorm onset time. For positive IMF B y , the magnitude of the relative MLT displacement just before the onset is close to that expected from the empirical formula of Østgaard et al. [2005] as a function of the IMF orientation. However, for negative IMF B y , it is considerably larger. In the near-Earth magnetotail equatorial region (x, y, z) = (−10, 0, 0 R E ), we can see the growth phase-like variation. Our results also show that a relatively high pressure region is established at x = −10 R E (Figures 6e and 7e ) and that the magnetic field intensity at x = −10 R E gradually decreases (Figure 8 ) during the course of the substorm. This inverse correlation between the magnetic field intensity and plasma pressure has already been reported by Tanaka et al. [2010] . Tanaka et al. [2010] have demonstrated that a high-pressure region is gradually established and that the z component of the magnetic field decreases in the inner boundary of the plasma sheet during the growth phase of the substorm. The cause of these variations can be speculated to be diamagnetic effects associated with the pressure increase in the inner magnetosphere.
[23] At the substorm onset time, the surveyed field line is strongly distorted in the azimuthal direction. Figure 8 shows that the magnetic field intensity at x = −10 R E suddenly increases at the onset time. The gradual decrease and sudden increase in the magnetic field intensity during the substorm are interpreted as being due to the growth phase and dipolarization. We can see from Figures 6 and 7 that the evolution of the dipolarization is coupled with the spreading high-pressure region. At the onset time in our calculations, the high-pressure region spreads not only in the north-south direction (Figures 6d and 7d) but also in the east-west direction (Figures 6e and 7e) . Also, the absolute value of the y component of the magnetic field increases, while the z component decreases, and the surveyed magnetic field line is strongly distorted duskward in the north (south) for positive (negative) B y . An increase in the y component of the magnetic field and a drastic distortion of the magnetic field in a short period following the substorm onset was not reported by Tanaka et al. [2010] .
[24] If the distortion of the field line from the equatorial plane at midnight is controlled only by the rapid magnetic field changes in the near-Earth equatorial region, the distortion would be expected to have the same magnitude in the Northern and Southern Hemispheres. However, Figures 6d-6f and 7d-7f show that the surveyed magnetic field line is extremely distorted on the northern (southern) side of the equatorial plane for positive (negative) IMF B y . We assume that FACs also play a role in the distortion of the field line. Figure 9 shows the magnetic field intensity (solid lines), FAC density (dashed lines), and plasma pressure (dotted lines) along the field line. The vertical solid line in each plot indicates the point where we start tracing the field line, (x, y, z) = (−10, 0, 0 R E ). At the onset time, for positive (negative) B y , the FAC density increases, especially in the northern (southern) part of the field line, while the magnetic field intensity decreases. Such an asymmetric increase of FAC density could be another factor that can induce a distortion of the field line.
[25] In our calculations, the relative MLT displacement of both footprints traced from (x, y, z) = (−10, 0, 0 R E ) drastically increases. The magnitude of the displacement is much greater than that expected from the empirical formula stated in section 1 [Østgaard et al., 2005] . We infer that the rapid changes in the magnetic field in the near-Earth equatorial region and the increase in the FAC density near the equatorial plane cause the relative MLT displacement of the geomagnetic conjugate points. The results of Donovan [1993] lend some support to our conclusion concerning the magnetic effects of FACs in the magnetotail. In order to investigate the effects of FACs on the nightside magnetospheric magnetic field, Donovan [1993] included the magnetic effects of FACs in an empirical magnetic field model. The results indicated that the field lines crossing the equatorial plane displaced from midnight. The size of the shift depended on the magnitude of the FAC and on the ionospheric footprint latitude [Donovan, 1993, Figures 26 and 27] . Additionally, Figure 9 shows that FACs near the northern (southern) side of the equatorial plane are strong at onset time for positive (negative) IMF B y . These results indicate that the FACs can have a large effect on the distortion of the field lines in a weak magnetic field.
[26] We suggest that the larger relative MLT displacement for negative IMF B y could be due to the combined effects of plasma pressure, magnetic field intensity, and the FAC density distribution along the field line. In addition, the plasma pressure in the high-pressure region on the equatorial plane for negative IMF B y (Figure 7e ) is higher than that for positive IMF B y (Figure 6e ). This dawn-dusk asymmetry may be caused by an asymmetric convection pattern in the magnetosphere due to a strong gradient in the Hall conductance [Ridley et al., 2004] . Ridley et al. [2004] demonstrated that the solar EUV-generated Hall conductance causes the ionospheric potential pattern to become asymmetric along the noon-midnight meridian. Ridley et al. [2004] also reported that the convection pattern in the magnetosphere becomes asymmetric and changes the pressure distribution [Ridley et al., 2004, Plate 6] . We conclude that for the negative IMF B y case, the dawn-dusk asymmetry of the plasma pressure is added to the high-pressure region. For negative B y , we can see lower magnetic field intensity, higher FAC density, and higher plasma pressure near the equatorial region than are seen for positive IMF B y . The higher plasma pressure shown in Figure 9 and the plasma pressure distributions shown in Figures 6a, 6d , 7a, and 7d suggest that the near-Earth plasma sheet for negative IMF B y becomes more taillike than that for positive IMF B y . We can see from Figure 9 that the plasma pressure increases near the equatorial region for positive and negative IMF B y . On the basis of the interpretation of Tanaka et al. [2010] , these changes in the magnetic field intensity may be caused by diamagnetic effects in the high-pressure region. In addition, the shift in the field lines due to the FACs was found to increase as the background magnetic field intensity decreased [Donovan, 1993] . For negative IMF B y , we found larger field line distortion in the dawn sector than for positive IMF B y , as can be seen in Figures 6e and 7e . This larger field line distortion in the dawn sector for negative IMF B y may also contribute to the larger relative displacements of the conjugate points.
Summary
[27] This study investigated the reconfiguration of the magnetosphere due to a southward turning of the IMF based on numerical MHD simulations. We confirmed substormlike signatures from the evolution of the plasma pressure distribution in the meridian plane, namely, the formation of a NENL, fast earthward flow, and tailward release of the plasmoid, occurring about 1 h after the IMF turns southward. Also, the gradual decrease and increase in the magnetic field intensity at x = −10 R E indicate that a growth phase and dipolarization occur. During the growth phase, in our calculation for positive (negative) IMF B y , the magnetic field line traced from (x, y, z) = (−10, 0, 0 R E ) is distorted duskward (dawnward) and dawnward (duskward) in the north and south magnetospheres, respectively, and the relative MLT displacement gradually increases. For positive B y , the magnitude of the relative displacement just before the onset time is close to that predicted by the empirical model of Østgaard et al. [2005] . However, for negative B y , the displacement is larger.
[28] This predicted displacement can be interpreted in terms of the penetration of the IMF B y into the near-Earth magnetotail [Cowley, 1981] in the open model of the magnetosphere [Dungey, 1961 [Dungey, , 1963 [Dungey, , 1967 . In a short period following the substorm onset time, an increase in the y component of the magnetic field in the near-Earth equatorial region contributes to the distortion of the surveyed magnetic field line. Increase in the FAC density may cause the field line distortion on the northern (southern) side of the equatorial plane for positive (negative) IMF B y . Our results show that the conjugate point in the Northern (Southern) Hemisphere moves drastically duskward by more than 50°(60°) from midnight for positive (negative) IMF B y . For positive and negative B y , the relative MLT displacement of the conjugate points then increases to 4.5 and 5.5 h, respectively. During the course of the substorm, the relative MLT displacement for negative IMF B y is larger than that for positive IMF B y . We also find a higher plasma pressure in the near-Earth magnetotail for the negative IMF B y case, which can give rise to a weak magnetic field intensity. The magnetic effect of the FACs might then be strong in such low magnetic field intensity regions and might cause field line displacements.
[29] Our calculations with constant IMF B y and nontilted dipole magnetic field show that the relative MLT displacement may be caused not only by the penetration of the B y component of the IMF into the inner magnetosphere but also by changes of the magnetic field due to an increase in the FAC density in the high-pressure near-Earth region. Numerical MHD simulations allowed us to identify these transient and spatially localized substorm-related features, and this is the first report identifying the factors that cause displacements of interhemispheric conjugate auroras.
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